Although electroconvulsive therapy (ECT) is considered the most efficacious treatment available for individuals with severe affective disorders, ECT's availability is limited and declining, suggesting that information about the population-level effects of ECT is needed.
T he limited and regionally variable availability of electroconvulsive therapy (ECT) in US hospitals 1 is a curious phenomenon in view of ECT's unique clinical benefits. Electroconvulsive therapy is considered the most efficacious treatment available for individuals with severe affective disorders, 2-9 yet ECT is not used during inpatient care in nearly 9 of 10 US hospitals, and its use in these settings has declined over the past 2 decades. 10 Factors speculated to impede ECT's availability include stringent regulatory restrictions on its use, limited graduate medical training, persistent concerns among mental health consumers about ECT's safety and adverse effects despite contemporary improvements in the procedure's safety and adverse effect profile, stigma, reluctance among medical professionals to recommend ECT, and cost considerations. 1, 2, [11] [12] [13] [14] Electroconvulsive therapy also may be comparatively less accessible to individuals who live in rural and low-income urban areas, patients from minority racial/ ethnic backgrounds, and those who have Medicaid insurance coverage or are uninsured. 1, 15 However, despite recent evidence that greater use of ECT may have important population health benefits, 8 little research has examined whether the limited availability of ECT has any adverse effects on population health.
Research studies that demonstrate how the availability of ECT may affect health outcomes in a population are needed to help policymakers contextualize the need for ECT to be more accessible. Ahmadi and colleagues 8 used a matched case-control study to compare outcomes for 92 patients with both major depressive disorder (MDD) and posttraumatic stress disorder from a large urban US Department of Veterans Affairs hospital who underwent ECT to the outcomes 3393 patients with MDD and posttraumatic stress disorder who did not receive ECT. During an 8-year follow-up period, ECT was associated with a lower risk of all-cause mortality and suicidality independent of antidepressant therapy utilization. 8 To our knowledge, that study is the only such comparative effectiveness study in an entire patient population. However, as a consequence of its sample being drawn from a single Veterans Affairs hospital, its results have limited generalizability. Further research on ECT's effects in broader population samples of hospital patients are needed to address this gap. The present study used hospital inpatient census data from 9 states to examine whether greater ECT utilization results in fewer 30-day psychiatric inpatient readmissions among patients with severe affective disorders (ie, MDD, bipolar disorder, and schizoaffective disorder). The rate of inpatient readmission within 30 days following discharge from psychiatric inpatient care is frequently used as a standardized metric of mental health system performance, 16 with a higher rate indicating worse performance. Based on prior clinical studies' results indicating that ECT treatment may reduce suicidal thinking and other symptoms of severe affective disorders, 2, 6, 8 we hypothesized that, compared with similar psychiatric inpatients with severe affective disorders, those who were treated with ECT would have a lower probability of readmission within 30 days. We also examined heterogeneity in the magnitude of ECT's effects on readmissions by patient age group, sex, race/ethnicity, and diagnosis group. A unique aspect of our study design compared with prior observational studies of ECT's effects is that we used a quasi-experimental approach 17-20 based on geographic, hospital, and insurance variation in access to inpatient treatment with ECT to minimize confounding from unmeasured patient-level characteristics that may affect both the likelihood of ECT treatment and study outcomes.
Methods

Data Source
The sample was drawn from the Health Care Utilization Project's State Inpatient Databases (SID) from Arizona, Arkansas, California, Florida, Nevada, New York, North Carolina, Utah, and Washington for persons aged 18 years or older. The SID are statewide censuses of all hospital stays in private and public nonfederal, short-term general hospitals. 21 SID contain hospitals' electronic abstracts of inpatient stays, which include demographic information collected at admission, diagnoses, length of stay, procedure codes, and other information that is typically used for billing purposes. 21 Although SID are available for most states, complete SID Revisit File data, which include a personal identification number needed to identify readmissions and hospital identification numbers needed to construct a measure of ECT availability, were available only for these 9 states. The most recent data year available for each state at the time of the study was used (2007: Arizona and Nevada; 2009: New York and Utah; and 2010: Arkansas, California, Florida, North Carolina, and Washington) . The study was conducted from August 27, 2015 , to March 7, 2017 . The study data are fully deidentified, and consequently the study was deemed exempt from informed consent by study participants by the University of Maryland School of Medicine Institutional Review Board. The initial sample contained inpatient admissions records for 490 252 unique patients who were hospitalized and then discharged at least once during the specified calendar year. We then selected all 171 970 patients who had a principal International Classification of Diseases, Ninth Revision (ICD-9) diagnosis code for a severe affective disorder,
Key Points
Question Does hospital inpatient treatment with electroconvulsive therapy reduce 30-day psychiatric readmission risk in individuals with severe affective disorders?
Findings In this quasi-experimental study that included 162 691 inpatients with severe affective disorders in 9 states, the adjusted predicted proportion readmitted within 30 days was 6.6% among individuals who underwent electroconvulsive therapy and 12.3% among those who did not receive electroconvulsive therapy, which was a statistically significant difference.
Meaning Electroconvulsive therapy may be associated with reduced short-term psychiatric inpatient readmissions among patients with severe affective disorders.
including MDD (ICD-9 codes 296.2 and 296.3), bipolar disorder (ICD-9 codes 296.4, 296.5, 296.6, 296.7, 296.8, and 296.9) , and schizoaffective disorder (ICD-9 code 295.7). An additional 7655 patients with missing hospital identification numbers and 1624 patients who did not receive ECT and whose inpatient lengths-of-stay fell outside the range of lengths-of-stay among ECT cases were also excluded, leaving a final sample of 162 691 patients (2486 ECT cases and 160 205 non-ECT cases). Two-hundred fifty-eight ECT cases were among the excluded observations. Of these, 123 (47.7%) had missing hospital identification numbers, and 135 (52.3%) had various principal diagnoses not specifically indicated for ECT treatment (eg, dementia, substance use, sexual dysfunction, and depression not otherwise specified).
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Measures Dependent and Independent Variables
The readmission measure was a binary indicator of whether an individual had another inpatient admission to any hospital in the state with a primary psychiatric diagnosis ICD-9 code in the range 290-319 within 30 days of being discharged after the index admission. The independent variable of interest was an indicator of whether the patient was administered ECT during the hospital stay based on an ICD-9 procedure code of 94.27.
Covariates
Following the Andersen sociobehavioral model, 22,23 the determinants of ECT use and readmission included predisposing factors, including age, sex (male/female), and race/ ethnicity (white non-Hispanic, black non-Hispanic, Hispanic, and other); enabling factors, including whether the patient had a diagnosis of a medical comorbidity that increases the relative health risks of ECT (intracranial lesions, masses, inflammation, infection, or hemorrhage; hemorrhagic stroke; myocardial infarction; dysrhythmias; malfunctioning cardiac device; valvular disease; heart failure; epilepsy; dementia; and other contraindications to anesthesia), 10 source of payment (private insurance, Medicare, Medicaid, other insurance, and uninsured), whether the stay was at a hospital that delivers ECT, hospital location (state) and size (urban medium or large, urban small, not urban, and unknown), and need for ECT, including primary psychiatric diagnosis, substance use disorder diagnosis, and the length-of-stay of the index admission. A binary indicator for December discharges, for which information on readmission was censored, was also included in regression analyses.
Statistical Analysis
Quasi-Experimental Model In this observational study, the effects of unmeasured patientlevel factors, such as treatment refractoriness, on the likelihood of treatment with ECT pose a significant challenge for accurately assessing the effectiveness of ECT in a large patient population. Most observational study designs, such as matched case-control, least squares, and propensity score matching, are vulnerable to confounding attributable to unmeasured characteristics that affect both treatment selection and treatment outcome. 19 This study uses a quasi-experimental approach, an empirical approach to estimate the causal impact of an intervention on its target population without random assignment. An instrumental variables (IV) probit model 18 based on geographic and hospital variation in the prevalence of inpatient treatment with ECT in a prior year was used in this study to minimize estimation bias from unmeasured patient-level selection (eAppendix 1 in the Supplement). The key instrumental variable was a hospital's mean proportion of inpatients treated with ECT, which was estimated using data on a different sample of inpatient episodes at the same hospital in the prior calendar year. The validity of this instrument depends on whether access to ECT is affected predominantly by attributes of the treating hospital and its geographic location, 2, 10, 18, 24, 25 with such billing requirements and regulations governing the use of ECT. These factors are presumed to be largely independent of a patient's preexisting propensity for readmission. The estimated effects of ECT are reported as adjusted relative risk ratios (RRs) 26 of psychiatric inpatient readmission for individuals who undergo ECT compared with those who do not receive ECT. Heteroskedasticity-robust variance estimators 27, 28 were used in all regression models.
Treatment Effect Heterogeneity
To examine whether the effects of ECT on readmissions were heterogeneous across population subgroups, supplemental regression analyses included interactions between ECT and indicators for age 65 years or older, sex, race/ethnicity, and diagnosis group.
Poststratification Weighting and Length of Stay
Poststratification weighting 29 was used to calibrate the lengths of stay in the non-ECT group to the lengths-of-stay distribution in the ECT group. This adjustment was made to ensure valid mean comparisons of readmission risk because inpatient delivery of ECT is associated with longer-thanaverage stays, 30,31 which in turn are associated with lowerthan-average readmission risk. 32 Poststratification weighting ensured that the weighted lengths-of-stay distributions in the non-ECT group closely resembled those in the ECT group. The weights were constructed by stratifying the lengths-of-stay distribution in the ECT group and then forming the ratios of the stratified sample proportions in the ECT and non-ECT groups. All analyses were conducted using the weighted sample. Statistical analysis was conducted using Stata, version 14. A 5% level of significance was used with unpaired, 2-tailed tests.
Results
Descriptive Analyses
Among all 162 691 inpatients, 2486 (1.5%) underwent ECT during their index admission. Compared with other inpatients, those who received ECT were older and more likely to be female and white non-Hispanic, to have MDD diagnoses rather than either bipolar disorder or schizoaffective disorder, to have private or Medicare insurance coverage, and to be located in urban small hospitals and nonurban hospitals (Table 1) . Counterintuitively, ECT was administered more often to patients who had diagnoses indicating comorbid medical illnesses that may increase the relative health risks of ECT, possibly reflecting greater medical comorbidity in the group with ECT treatment or more frequent documentation of medical comorbidities among inpatients who are medically screened prior to ECT. Poststratification weighting balanced the means of inpatient lengths of stay in the 2 groups (P = .87). The mean (SD) length of stay in the ECT group was 20.7 (19.4) days. By contrast, the mean length of stay in the no ECT group was 8.9 (13.2) days before weighting and 20.6 (20.1) days after weighting.
In bivariate analyses of the 30-day readmission rate (eTable 1intheSupplement), a smaller proportion of the ECT group was readmitted within 30 days than in the non-ECT group (9.9% vs 12.2%; F 1,162 672 = 14.6; P < .001).
IV Probit Regressions
The IV probit coefficient estimate for ECT (eAppendix 2 and eTable 2 in the Supplement) corresponded to an RR of 0.54 (95% CI, 0.28-0.81) for readmission within 30 days if a patient received ECT compared with not receiving ECT ( Table 2 ) or, alternatively, with a 46% reduction in 30-day readmission risk (Figure) . These RRs were formed using the adjusted predicted probabilities of readmission, which were 6.6% with ECT and 12.3% without ECT. There were no significant moderator interactions between ECT and either age or race/ethnicity (Table 2) . However, the interaction with female sex indicated a larger ECT impact among men (RR, 0.44; 95% CI, 0.20-0.69) than among women (RR, 0.58; 95% CI, 0.30-0.88; moderator χ 2 1 =7 . 1;P = .01), and the interaction with diagnosis group implied a larger ECT impact among individuals with bipolar disorder (RR, 0.42; 95% CI, 0.17-0.69; moderator χ 2 1 = 8.5; P = .004) and schizoaffective disorder (RR, 0.44; 95% CI, 0.11-0.79; moderator χ 2 1 = 4.4; P = .04) than among those with MDD (RR, 0.53; 95% CI, 0.26-0.81; reference category for moderator test).
In sensitivity analyses (eAppendix 2 in the Supplement), the ordinary probit model estimate of the ECT coefficient was positive in sign and not statistically significant (coefficient, 0.020; z = 0.53; P = .60). Also, the IV probit estimate of the correlation between the unmeasured determinants of ECT administration and the likelihood of 30-day readmission was positive and significant (coefficient = 0.193; z =2 . 8 9 ;P = .004), suggesting that the individuals who were selected for ECT had an above-average baseline readmission risk compared with other inpatients in the sample. In other sensitivity analyses that used state variation and patients' insurance coverage type (not ECT prevalence) as the identifying IVs, the ECT coefficient estimate was consistently negative in sign and similar in magnitude to the IV estimate from the main analysis (z = −2.53; P = .01). Finally, among 308 848 inpatients who did not have an MDD, bipolar disorder, or schizoaffective disorder diagnosis and did not receive ECT, the Pearson correlation coefficient for correlation between hospital prevalence of ECT use and 30-day readmission risk was not significantly different from zero (ρ < .01; P = .74) (eTable 3 and eTable 4 in the Supplement). Collectively, the results of these sensitivity analyses support the validity of the IV probit model.
Discussion
To our knowledge, this is the first study to examine how initiation of ECT during inpatient stays in US hospitals affects the likelihood of 30-day psychiatric inpatient readmission in a large, multisite sample of hospital inpatients diagnosed with severe affective disorders. Previous studies have found that treatment with ECT is associated with remission from depressive disorders 33 and reductions in mortality in individuals with MDD and posttraumatic stress disorder. 8 The results of the present study add evidence that wider availability of ECT may result in up to 46% fewer inpatient readmissions within 30 days of discharge among individuals with severe affective disorders. The effect of ECT on 30-day readmission risk did not differ significantly by age or race/ ethnicity but was relatively larger among men than women and among individuals with bipolar disorder and schizoaffective disorder than among those with MDD. Despite being an effective treatment for patients with severe affective disorders, ECT is either not available or not used as an inpatient procedure in nearly 9 of 10 US hospitals, 10 and there are disparities in ECT's use based on race/ethnicity and insurance coverage. 25, 34 In this study's sample, ECT was ad- Evidence that ECT reduces the likelihood of inpatient readmission for patients with severe affective disorders suggests that hospitals may have added incentive to offer ECT since many hospitals now bear financial risks for inpatient readmissions under value-based payment arrangements that shift the costs of readmissions from payers to hospitals and accountable care organizations. 36 Moreover, the Centers for Medicare & Medicaid Services uses a standardized 30-day readmissions metric for inpatient psychiatric facility performance benchmarking, quality improvement, and payment purposes.
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This metric raises the prospect that Medicare and other health care payers may someday link psychiatric readmission rates with financial penalties for hospitals that have "excess" readmissions, analogous to the current Centers for Medicare & Medicaid Services Readmissions Reduction Program incentives for nonpsychiatric conditions. 38 When hospitals bear some of the financial costs of unplanned readmissions, they may reassess the value of ECT and other interventions that may be beneficial for patients at risk for multiple hospitalizations. 
Limitations
The potential limitations of this study's design and approach should be considered when interpreting its findings. The internal validity of our correlational estimates of ECT's effects depends on the assumption that individuals with greater measured access to ECT (ie, higher prior-year ECT prevalence at the same hospital) have a similar natural propensity for readmission within 30 days than individuals with worse access to ECT. Among inpatients with affective disorders, the likelihood of being treated in a hospital that offers ECT is lower in rural areas, in hospitals located in geographic areas with lower mean incomes, among inpatients from minority racial/ethnic backgrounds, and among inpatients who have Medicaid insurance coverage or are uninsured. 1,10,15 These associations suggest that individuals who have greater access to ECT might also have more access to community supports that reduce readmission risks and, consequently, that our IV estimates may overstate ECT's effects on readmission risk. However, prior research studies have documented greater (>20-fold) variability in ECT prevalence among US metropolitan areas.
1 This variation is associated with hospital system-level factors that affect the costs of providing ECT, such as regulatory restrictions, postgraduate medical training opportunities, and insurance-based payment amounts and preapproval requirements. 1 Consequently, geographic variability in ECT's prevalence may be largely independent of individuals' propensity for readmission. Moreover, inpatients treated with ECT are older, have a history of medication-resistant mood problems, and are more likely to have had another inpatient episode within the 30 days prior to their current episode 2, 6, 15, 39 ; these characteristics suggest unfavorable risk prediction for ECT. We also found no correlation between hospitals' ECT prevalence and readmission risk among inpatients with conditions that are not appropriate for ECT (eAppendix 2 in the Supplement). We further estimated IV probit models using only state indicators and insurance coverage as IVs and found similar results. Consequently, although additional studies are needed to understand the factors affecting access to ECT, the hypothesis that favorable patient risk prediction into ECT explains our findings is inconsistent with empirical findings in this study and with prior research.
Other potential limitations of the study include insufficient clinical information, exclusion of state and federal hospitals, and lack of data on administration of ECT in outpatient hospital settings. However, the lack of clinical information had no bearing on IV analyses. 24 The lack of information on outpatient ECT means that our estimated effects of ECT might overstate the importance of starting ECT while an individual is an inpatient, as our estimates may partially reflect the effects of ambulatory ECT administered after hospital discharge, which was not measured. Finally, although this study used a large sample across 9 states-to our knowledge, a far larger sample than in any prior study of ECT-the results might not generalize to patients in other states. The 3 largest states in the sample-California, Florida, and New York-accounted for most of the observations and consequently may have disproportionately influenced the results. Studies of a broader national sample could help to confirm the generalizability of these findings in other states.
Conclusions
This study found that ECT administration may prevent many short-term inpatient readmissions to general hospitals among US patients with severe affective disorders. Despite the lower prevalence of treatment with ECT among inpatients who are black, the study's results suggest that ECT's effects on readmission risk are largely independent of race/ethnicity. However, a moderately larger effect of ECT treatment on readmission risk was found for men compared with women and individuals with bipolar disorder and schizoaffective disorder diagnoses compared with those diagnosed with MDD. These results provide evidence suggesting that broader ECT availability may result in fewer readmissions among psychiatric inpatients with severe affective disorders. This population health effect may be overlooked in US hospitals' current decision making regarding the availability of ECT. interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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The content is solely the responsibility of the authors and does not represent the views of the US Department of Veterans Affairs or the United States Government. is replaced by its estimated probability, which is estimated using Equation 1b. This estimated probability conceptually represents the likelihood of being offered ECT. IV estimates of -the effect of greater availability of ECT-are consistent even in the presence of unmeasured confounders if X 2 contains one or more variables (called instrumental variables or instruments) that are correlated with Y 2 but are not correlated with 1 , conditional on X 1 (12-14). The key IV in this study was a hospital's mean proportion of inpatients that are treated with ECT. The conceptual rationale for this instrument being a valid instrument is that ECT's level of availability to a particular patient is driven by attributes of the treating hospital and its geographic location, such as the restrictiveness of state regulations governing treatment with ECT, and these factors are presumed to be largely independent of a patient's illness severity or clinical need for ECT. The statistical significance of can be used as a specification test of the ordinary probit and propensity score matching regression specifications, which require for internal validity that = corr( 1 , 2 ) = 0.
eAppendix 2. Sensitivity Analyses
In supplemental sensitivity analyses, regression models were run using ordinary probit regression and using one-to-one propensity score matching (see eTable 2. By contrast to the IV probit method, ordinary probit regression estimates and propensity score matching estimates of treatment effects are biased and inconsistent if the set of measured covariates omits any factors that are correlated with both ECT treatment and readmission risk. To test the sensitivity of the IV findings to hospitallevel unmeasured confounders, IV probit regressions were also estimated using state-level prevalence of ECT delivery, rather than hospital-level ECT prevalence, as the identifying instrument. 
